Sufficient nutrients are needed for critically ill patients to meet metabolic needs. Previous studies have shown that appropriate nutritional feeding during critical illness improves the success in weaning patients from mechanical ventilation and in reducing the length of hospitalization [1] [2] [3] [4] [5] Correspondence: Yi-Chia Huang, ych@csmu.edu.tw AF = appropriate feeding; APACHE = Acute Physiology and Chronic Health Evaluation; ICU = intensive care unit; MAC = mid-arm circumference; MEE = measured energy expenditure; MI = Maastricht Index; NRI = Nutritional Risk Index; OF = overfeeding; RQ = respiratory quotient; TLC = total lymphocyte count; TSF = triceps skinfold thickness; UF = underfeeding; UUN = urine urea nitrogen.
(UF) decreases the regeneration of respiratory epithelium and causes respiratory muscular weakness [6] , and it may prolong mechanical ventilation by failing to restore respiratory muscle strength and endurance. Overfeeding (OF), in contrast, increases physiological stress and also prolongs mechanical ventilation by increasing carbon dioxide production, which increases the amount of ventilation necessary to maintain a steady state of arterial blood gases [7] . Unfortunately, severe protein-caloric malnutrition is still a major problem in many critically ill patients. Our previous study [8] even showed that 94% of intensive care unit (ICU) patients were malnourished after 14 days of admission. It thus becomes very important to determine adequate and appropriate energy needs for mechanically ventilated, critically ill patients.
Although appropriate feeding (AF) is required for mechanically ventilated, critically ill patients, there is very little information on the energy requirement for these patients. The purpose of the present study was to determine the energy requirement for mechanically ventilated, critically ill patients using the nutritional status.
Patients and methods

Patients
This study was conducted in the ICU of Taichung Veterans General Hospital, a 1359-bed teaching hospital in the central part of Taiwan. The study was approved by the Institutional Review Board of Chung Shan Medical University. Informed consent was obtained. Only patients that were hemodynamically stable and not comatose, and requiring at least 7 days of mechanical ventilation, were included.
Patients were excluded when they received a fraction of inspired oxygen > 60% at the time of indirect calorimetry measurement. Oliguric patients were also excluded since abnormal renal function would not give a 24-hour urine volume of sufficient steady state for confidence in values for urinary nitrogen excretion. One hundred and eighteen patients entered the present study. However, only fifty-four patients (40 men, 14 women) successfully completed the study. Medical records including diagnosis, severity of illness, length of ICU stay and length of hospital stay, and ventilatory dependency were obtained. The severity of illness of these patients was evaluated by the Acute Physiology and Chronic Health Evaluation (APACHE) II score [9] on day 1 and day 7 of admission.
Energy requirements and nutrient intakes
The Deltatrac™ II MBM-200 Metabolic Monitor (DatexEngstrom Division, Instrumentation Corp., Datex-Engstrom, Finland) was used to measure the actual energy expenditure (measured energy expenditure [MEE]) of patients on two occasions during the study (day 1 and day 6 or 7 of the study). The MEE was based on a single measure taken on day 1 and thereafter used as the goal. The Deltatrac™ II MBM-200 Metabolic Monitor can be used to perform indirect calorimetry with most commonly used ventilators.
Patients were without intermittent caloric intake for at least 4 hours prior to the indirect calorimetry measurement. However, patients receiving continuous enteral or parenteral infusions were not interrupted during the measurement. The patient was connected via an endotracheal tube to a spirometer filled with 100% O 2 attached to a kymograph. As the patient breathed, the oxygen was consumed and CO 2 was exhaled. The water and CO 2 vapor were mechanically absorbed, so that volume changes in the spirometer were only due to the consumption of oxygen. The oxygen uptake by the lungs was determined from the amount of oxygen consumed from the spirometer. All measurements were performed by one trained technician. The flowmeter, and the CO 2 and O 2 analyzers are automatically calibrated before each measurement. Patients' oxygen consumption was measured for at least 40 min each time. Nitrogen excretion data was not available for nine patients. The Weir equation [10] , which assumes that 12.3% of the total calories arise from protein metabolism, was then used to calculate nitrogen excretion. The total energy requirement was considered the MEE plus a 5% activity factor [11, 12] and plus 15% for dayto-day variability [13] .
Patients received nutrition support (enteral nutrition, total parenteral nutrition, or combined enteral nutrition plus total parenteral nutrition), which was based on the physicians' concerns for the clinical conditions of the patient. The composition of tube feeding formulas was prepared from various commercial products based on the patient's nutritional needs. The daily macronutrient (carbohydrate, protein, and fat) intake from nutritional support (enteral or parenteral nutrition) and the intravenous crystalloid infusions were recorded routinely by the ICU nurses and dietitians during the study. The amount of nutrient intake represented in the result was the mean amount of feed delivered in each group daily, up to and including the day of assessment. All of the nonfeed sources of macronutrients were also included in the calculations. Subjects were then divided into three groups based on the degree of feeding (UF, AF, and OF) as previously described [14] . UF was defined as a subject's actual average energy intake being less than 90% of total energy requirements. AF was defined as a subject's actual average energy intake being within ± 10% of total energy requirements. For OF, the actual average energy intake was larger than 110% of the total energy requirements.
Nutritional status assessment
Nutritional status was assessed within 24 hours of admission and after 7 days in the ICU by the trained technician. The patients' nutritional status was determined from anthropometric and biochemical measurements, and from medical records.
Anthropometric measurements included patients' height and weight on admission, triceps skinfold thickness (TSF), and mid-arm circumference (MAC). All the anthropometric measurements were performed by one trained technician. The body mass index, mid-arm muscle circumference, and arm muscle area were then calculated: body mass index = weight (kg)/height 2 (m), mid-arm muscle circumference (mm) = MAC (mm) -(TSF [mm] × 3.14), and arm muscle area (mm 2 
Biochemical measurements included serum albumin and prealbumin, and total lymphocyte count (TLC). A 24-hour urine collection was obtained from patients for measurement of urine urea nitrogen (UUN) and of creatinine. The creatinine height index was calculated from 24-hour urinary creatinine excretion [15] . The nitrogen balance was derived from the daily volume of infusate minus the daily output of urinary nitrogen: nitrogen balance (g/day) = nitrogen intake -(UUN + 4 g obligatory loss). The following values were considered normal for our laboratory: serum albumin, 3.5-5.0 g/dl; prealbumin, 18-43 mg/dl; TLC > 1500/mm 3 ; and creatinine height index > 90%.
Two multiparameter nutritional status indices, the Maastricht Index (MI) [16] and the Nutritional Risk Index (NRI) [17] , were also used to assess the nutritional status of patients. . A value of NRI > 100 indicates that the subject is not malnourished, 97.5-100 indicates the subject is mildly malnourished, 83.5 to < 97.5 indicates that the subject is moderately malnourished, and NRI < 83.5 indicates that the subject is severely malnourished.
Statistical analyses
Data were analyzed using the SigmaStat statistical software (version 2.03; Jandel Scientific, San Rafael, CA, USA). Differences in patients' anthropometric and biochemical values, nutritional status indices, and clinical outcome among groups were compared for significant differences using oneway analysis of variance. The Student t test was used to compare the difference between day 1 and day 7 within a group. Pearson correlation coefficients were determined to assess the relationship between energy requirement, nutrient intake, and clinical results. Statistical results were considered significant at P ≤ 0.05. Values are presented as means ± standard deviation.
Results
Characteristics of patients
Fifteen patients (14 men, one woman) were being underfed, 20 patients (17 men, three women) were in the AF group, and 19 patients (11 men, eight women) were overfed while they were in the ICU. Patients' ages ranged from 23 to 89 years, with a mean age of 61.9 ± 14.6 years, 68.0 ± 14.1 years and 72.2 ± 2.1 years for the UF group, the AF group and the OF group, respectively. There were no statistically significant differences among groups for age, height, and weight at admission. The diagnoses of patients at the time of admission in the ICU are presented in Table 1 . The most common diagnoses were gastrointestinal disorders, malignant neoplasms, and pneumonia.
Energy requirements versus energy intakes
The type of feeding route, values of the respiratory quotient (RQ), the MEE, the total energy requirements and the nutrient intake are presented in Table 2 . UF patients were more likely to be receiving combined nutrition (n = 8), while AF and OF patients were more likely to be receiving enteral (n = 7) and combined (n = 7) nutrition. OF patients had a mean RQ value greater than 1. UF patients had the highest MEE and total energy requirement.
It is not surprising to find OF patients consuming significantly more calories than the other two groups. UF patients received, on average, only 68.3% of their energy requirements, while OF patients received up to 136.5% of their estimated caloric requirements. The energy intake of the OF patients was more than 40 kcal/kg per day on average. Looking at the individual data, three AF patients and nine OF patients had an energy intake of more than 40 kcal/kg per day. OF patients had a higher energy intake attributed to carbohydrate and fat, but not to protein. There was no significant difference, however, in the percentage of energy intakes from carbohydrate, protein, and fat.
OF patients received a significantly higher carbohydrate intake than the other two groups when intake is expressed per kilogram of body weight, although there was no significant difference in total carbohydrate intake among the three groups. It is worth noting that UF patients had a carbohydrate intake of more than 60% of the total calories. There was no significant difference in protein intake among the three groups. UF and AF patients had a mean protein intake of less than 1.2 g/kg per day. Five UF patients (33.3%), six AF patients (30%), and two OF patients (10.5 %) had an even lower protein intake, less than 0.8 g/kg per day. UF patients had a significantly lower fat intake than the OF patients. The percentage of calories from fat for all three groups was less than 30%.
Nutritional status assessment
Anthropometric measurements on day 1 and day 7 after admission to the ICU are presented in Table 3 . The mean current weight did not significantly change during the study. On day 7 in the ICU, UF patients showed significant reductions in MAC, mid-arm muscle circumference, and arm muscle area when compared with that at day 1. AF and OF patients, however, showed slight increases in weight, body mass index and TSF at day 7.
The results of biochemical measurements are also presented in Table 3 . The albumin, prealbumin and TLC levels were, on average, below normal for patients in all three groups. Patients in all groups showed no significant changes in albumin, prealbumin and TLC by day 7. The mean percentage of the creatinine height index was less than 90% in the three groups, with no significant changes when comparing day 1 and day 7. Patients in the three groups had negative nitrogen balance at admission. Only AF patients showed a positive nitrogen balance on day 7.
The MI was calculated based on albumin, prealbumin, TLC, and percentage ideal body weight to classify patients as malnourished or nonmalnourished (Fig. 1) . On day 1 and day 7 in the ICU, the MI values were 7.1 ± 1.5 versus 6.5 ± 2.4, 7.1 ± 2.3 versus 5.7 ± 2.5, and 8.2 ± 3.7 versus 8.8 ± 4.1 for patients in the UF group, the AF group, and the OF group, respectively. All patients had MI > 0 when admitted and on day 7, which indicates that patients were malnourished. There were no significant differences for the MI values on day 1 and Available online http://ccforum.com/content/7/5/R108 Values presented as mean ± standard deviation. Values in a row with different superscript letters are significantly different, P ≤ 0.05. *Resting energy expenditure was measured using indirect calorimetry. † Total energy requirement = measured energy expenditure + physical activity (5%) + day-to-day variation (15%).
day 7 among the three groups. Patients in all groups were classified as severely malnourishment based on the NRI on day 1 and day 7 (Fig. 2 ). Only AF patients had a significantly higher NRI value at day 7 than at day 1.
Clinical outcome
The clinical outcome including the severity of the disease (APACHE II score), the length of hospital stay and the length of ICU stay, and the length of ventilator dependence are presented in Table 4 . The severity of disease (APACHE II score) was not significantly different among the three groups at admission and 7 days after. In addition, there were no statistically significant differences among groups for length of ventilator dependency, ICU stay, and hospital stay. The length of ventilator dependency was significantly positively correlated with total energy intake (r = 0.494, P = 0.03) only in the AF group. The length of ICU stay was significantly positively correlated with carbohydrate intake (r = 0.525, P = 0.02) also only in the AF group. Biochemical measurements Albumin (g/dl) 2.5 ± 0.2 2.4 ± 0.4 2.3 ± 0.5 2.5 ± 0.6 2.5 ± 0.6 2.4 ± 0.4
Prealbumin (mg/dl) 10.0 ± 2.8 10.5 ± 3.8 11.9 ± 6.5 11.5 ± 3.8 11.7 ± 6.9 14.1 ± 6.4
Total lymphocyte count (mm 3 Nitrogen balance -6.7 ± 6.0 -7.6 ± 7.2 -2.8 ± 4.5 0.04 ± 5.1 -1.9 ± 5.1 -1.7 ± 4.3
Values presented as mean ± standard deviation.
Figure 1
The Maastricht Index at day 1 (white bar) and at day 7 (black bar) after admission to the intensive care unit for patients in the underfeeding, appropriate feeding, and overfeeding groups. 
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Discussion
The prevalence of malnutrition is a common problem in critically ill patients who are being ventilated mechanically [8, [18] [19] [20] [21] . Using single and multiple parameters to assess nutritional status, results showed our critically ill patients were in a severely malnourished state. Driver and LeBrun found that nutritional support was inadequate in almost all cases, reporting that only three out of 26 patients received sufficient energy intake [22] . Sufficient energy and nutrient consumption are needed for patients to improve their nutritional status and to increase their immunity. In the critically care setting, however, appropriate and adequate feeding is sometimes difficult. Previous studies [14, 23] have shown that only 25-32% of patients received total calories within 10% of their required needs. The present study showed a higher percentage of patients (37%) were fed appropriately; however, there was still 28% and 35% of patients who were underfed and overfed, respectively.
A RQ value greater than 1 indicates that patients have been overfed. Indeed, the mean RQ value in the present AF and OF patients was close to or greater than 1, which might indicate a rise in CO 2 production. Looking at the distribution of energy intake, the OF group received significantly higher amounts of carbohydrate than the other two groups. Excess carbohydrate intake leads to increasing CO 2 production, which will delay success in weaning from mechanical ventilation and will prolong the length of hospitalization [7, 24, 25] . The present result did show that carbohydrate intake positively correlated with the length of the ICU stay. Thus, when there is a need for increasing energy intake, the energy source should be carefully chosen to avoid giving excess carbohydrate calories.
The optimal protein requirement for critically ill patients has been stated as 1.5-2.0 g/kg [26] . Smith and colleagues [27] indicated that 300 mg/kg nitrogen intake (~1.8 g/kg protein)
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Figure 2
The Nutritional Risk Index at day 1 (white bar) and at day 7 (black bar) after admission to the intensive care unit for patients in the underfeeding, appropriate feeding, and overfeeding groups. * The value at day 7 is significantly different to that at day 1, P < 0.05. 
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was needed for gastroenterological patients to maintain nitrogen balance. Shaw and colleagues [28] showed, when providing 1.5 g/kg per day protein to severely septic patients, that maximal stimulation of protein synthesis could be achieved. Overall the present patients had a mean protein intake approximating 1.1 g/kg per day, which was obviously inadequate for this critically ill population to achieve a positive nitrogen balance. A negative nitrogen balance indicates protein catabolism and reflects inadequate protein intake. The goal of nutrition support is to achieve a nitrogen balance in the range of +2 to +4 g/day [29] . It was therefore not surprising to find that our patients had a negative nitrogen balance throughout the study.
The nitrogen balance reflects both protein and energy intake. We suggested that nitrogen balance studies should be routinely performed in a critical care setting in order to return patients back to an anabolic state. However, previous studies have indicated that the UUN is too insensitive for determining total urinary nitrogen, and would therefore interfere significantly with nitrogen balance predictions [30] [31] [32] . Because Kjeldahl nitrogen determination or pyrochemiluminescence are generally not routinely performed in the clinical laboratory in Taiwan, UUN was used as an estimate of total urinary nitrogen when we calculated the nitrogen output for the nitrogen balance. However, we used full 24-hour urine collection rather than spot samples to determine the UUN, and so a more accurate calculation of UUN could thus be made [33] . However, the severity, duration and influence of nitrogen balance on patients' clinical outcome still cannot be assessed from the data we collected. In addition, patients in the UF group showed significant decreases in MAC, mid-arm muscle circumference, and arm muscle area at day 7 in the ICU, indicating that patients were significantly losing their lean body mass and were in a catabolic state.
Previous authors have suggested adding approximately 20-25% to the resting energy expenditure for clinically stable patients in order to calculate total energy requirements [11] [12] [13] . In the present study, 20% was added to the resting energy expenditure. Shortcomings of the present study include the sample size and the length of observation (7 days), which may not be sufficient time to see any significant improvement in nutritional status in the critically ill. However, only patients receiving total energy intakes within ± 10% of 120% MEE achieved positive nitrogen balance by the end of the study. In addition, AF patients showed slight increases in body weight, body mass index, and TSF after 7 days' stay in the ICU, and a significantly improved NRI value on day 7. We know that critically ill patients with mechanical ventilation have greater fluid retention, not breathing spontaneously. They have more severe clinical conditions, are more sedated, and are in a relatively more motionless state than general hospitalized patients [34] . However, 120% MEE might be considered an appropriate and adequate total energy requirement for mechanically ventilated, critically ill patients.
In conclusion, critically ill patients were in a severely malnourished state. UF patients had more severe malnutrition than AF or OF patients. AF patients showed more improvement in nutritional status than patients in the other feeding groups. Providing at least 120% of the resting energy expenditure thus seemed adequate to meet the caloric energy needs of hemodynamically stable, mechanically ventilated, critically ill patients.
